Abstract This paper presents a study on synthesis and optical properties of Zn 2 SiO 4 :1 wt% Eu 3? at different heat treatments. The objective of the research is to synthesize Zn 2 SiO 4 :1 wt% Eu 3? phosphor by using low cost solid state reaction method with recycled waste bottle glasses as the silicate source. The X-ray diffraction results showed that the prepared Zn 2 SiO 4 :1 wt% Eu 3? phosphors have a sharp diffraction peak as the heat treatment temperatures were increased from 600 to 1000°C. Furthermore, the morphology from the Field emission scanning electron microscope analysis were shown the formation of well crystalline samples with dense packed grains due to the increment of heat treatment temperatures. Fourier transform infrared spectra has confirmed the present elements in Zn 2 SiO 4 :1 wt% Eu 3? phosphors while the narrow width of Raman line spectra were observed at temperatures ranging from 700 to 1000°C indicates good homogeneity and crystallinity of synthesized powders. In addition, the energy band gap of europium doped zinc silicate increased dramatically up to 3.62 eV at temperature of 1000°C. Photoluminescence measurements has also exhibited the red emission corresponding to the 5 D 0 ? 7 F 2 (600 nm) when viewed under blue excitation.
Introduction
Among various host luminescent materials, zinc silicates (Zn 2 SiO 4 ) have been identified as a very suitable host matrix to incorporate with rare earth ions and transition metal ions resulting in an excellent luminescence in the blue, green and red spectral zones [1] [2] [3] [4] [5] . With modern technology, rare earth ions are better candidates for luminescence activators in phosphor materials than transition metals [6] . They have completely filled 4f shells, well shielded by 5s 2 and 5p 6 orbitals and their emission transitions yield sharp lines in the optical spectra providing phosphors with high luminescence efficiency [7, 8] . Besides that, rare earth (RE) ions also have an attractive role as active ions in many optical materials due to a large number of the absorption and emission bands arising from the transitions between the energy levels. Owing to these factors, many researchers focused their attention on trivalent europium ions as a luminescence centres in intense red emission coming from its 5 D 0 -7 F 2 transition [9] [10] [11] [12] [13] . Presently, europium (Eu 3? ) ion is one of the most popular and important rare-earth dopants because Eu 3? -doped phosphors are well known to be promising materials for electroluminescent devices, optical amplifiers, and lasers [14, 15] . Several methods have been developed to prepare Zn 2 SiO 4 :Eu 3? such as conventional solid state reaction, sol gel synthesis, co-precipitation synthesis, spray pyrolysis and hydrothermal method [16, 17] . As a comparison, the conventional solid states methods have targeting a better simplicity in the industrial operation than chemical method [18, 19] . However, this method is usually used highly cost of SiO 2 source to synthesizing the zinc silicate. In order to overcome the drawback, it is needed to develop a new silicate sources from waste soda lime silica (SLS) glasses for cost saving. The soda lime silicate glass has been found to be a suitable optical material with high transparency, low melting point, high thermal stability and good rareearth ion solubility [20, 21] .
Thus, this paper would show the study about the synthesis and optical properties of Eu 
Materials and methods

Synthesis
The synthesis process of 1 wt% europium doped Zn 2 SiO 4 based glass ceramics was prepared using conventional melt quenching in water technique. The starting materials are zinc oxide [ZnO (99.00 %)], soda lime silica (SLS) glass form waste bottle glasses and europium oxide [Eu 2 O 3 (99.99 %)] were used in this experiment. The chemical batch of ZnO, waste SLS glass, 1 wt% europium was mixed together via milling process for 24 h using a ball milling jar, and then was melted at 1400°C for 2 h. The molten mixture was poured into the water to get the glass fritz. Then the glass fritz was cooled to room temperature and then was crushed and sieved into fine powder about 63 microns. After the addition of 1.75 wt% polyvinyl alcohol (PVA) binders, the powders have been pressed at a pressure of 5 tons for 15 min to form the pellets and were sintered at different temperatures from 600 to 1000°C.
X-ray diffraction (XRD)
The amorphous and crystalline phase of the samples were investigated from X-ray diffraction spectrum recorded on a Phillips X'pert X-ray Diffractometer and the data were collected over the 2h range 10°-80°at room temperature.
The data then analysed by utilizing software X'pert HighScore.
Field emission scanning electron microscopy (FESEM)
The field emission scanning electron microscopy was carried out on the samples coated with gold (Au) to observe the surface morphology of the obtained glasses and glass ceramics using Nova NanoSEM 30 Series under high vacuum.
Fourier transforms infrared spectroscopy (FTIR)
The infrared (IR) absorption measurements on the samples were made by employing the KBr pellet technique. The IR spectra were recorded at room temperature in the range 550-4000 cm -1 using VERTEX 70 instrument for identifying the chemical bonding of the samples.
Raman spectroscopy
Raman spectra were recorded on Witec Raman spectroscopy, model Alpha 300R using He-Ne laser with 532.390 nm as excitation source.
Ultraviolet-visible (UV-Vis) spectroscopy
The UV-visible absorption spectra measurements in the wavelength range 250-800 nm were performed at room temperature by using Shimadzu UV-Vis-NIR spectroscopy. In addition, the absorption edge for all samples was also observed to calculate the optical band gaps energy of the materials.
Photoluminescence (PL)
Photoluminescence excitation and emission spectra were performed at room temperature by using Perkin Elmer LS 55 Fluorescence spectrometer. The emission spectra are obtained by excitation at 400 nm and the excitation spectra are obtained by emission at 600 nm.
3 Results and discussion
X-ray diffraction (XRD)
The X-ray diffraction pattern of the 1 wt% Eu 3? doped Zn 2 SiO 4 precursor glass and Zn 2 SiO 4 glass ceramics are shown in Fig. 1 . There is no diffraction peak appeared in the precursor glass which indicates that this sample is amorphous in nature. Then, the XRD patterns revealed well-developed of major b-Zn 2 SiO 4 (JCDPS file 14-0653) phase diffraction peaks with a minor peak of ZnO (JCPDS card No. 36-1451) as the prepared samples were heat treated at 600°C. Also some additional peaks corresponding to those of AlNa(SiO 4 ) (JCPDS card No. 02-0625) and K 2 (SO 4 )CrO 4 (JCPDS card No. could be noticed at this temperature. As the temperature further increased to 1000°C, the b-Zn 2 SiO 4 phase was completely transformed to a-Zn 2 SiO 4 , which corresponds to JCDPS file 37-1485 and the minor phases of ZnO, AlNa(SiO 4 ) and K 2 (SiO 4 )CrO 4 disappeared [22, 23] . It is found that the intensity of diffraction peaks get higher and sharper with the increase of heat treatment temperatures. In XRD pattern, broader peaks were caused due to smaller crystallite sizes and sharp peaks due to the formation of comparatively larger crystallites. The increased of heat treatment temperatures have attributed to the improved crystallinity [24] [25] [26] . From the heat treatment temperature of 800°C, the samples displayed a good crystallization. At higher treatment of sintering, diffusion ions in the glasses are increased, hence the crystal growth rate is accelerated and larger crystals result in the glass matrix [27, 28] .
Field emission scanning electron microscopy (FESEM)
The surface morphology of the Zn 2 SiO 4 :1 wt% Eu 3? is shown in Fig. 2 . From the micrographs, it is clearly observed that the surface morphology of the particles was not uniform and the grains are irregular in shape. The particles tend to aggregate, strongly showing good connectivity between grains. Moreover, the agglomeration of powder particles was also observed. From the FESEM image, it can be observed that the morphology of particles changes depending on the temperature [29] [30] [31] . As the sintering temperature increase, sample decrease of the porosity showing that the ceramic consists of closely packed grains and lead to produce a bit larger ceramics [32] [33] [34] . Furthermore, at higher temperature of sintering, the particles are no longer in irregular in shapes as well as the particle are tends to be seen in circular in shapes and coalescent together which have been shown in Fig. 2d , e, indicating that well crystallized ceramics.
Fourier transforms infrared (FTIR) spectroscopy
The quality and composition of different sintering temperature for Zn 2 SiO 4 :1 wt% Eu 3? was characterized by FTIR spectroscopy at room temperature in the range 500-4000 cm -1 (Fig. 3) . All FTIR spectra of samples are very similar regardless the heat treatment of temperature of the material. The FTIR spectrum of Zn 2 SiO 4 :1 wt% Eu 3? contains clearly exhibits broad bands in the region (*3443.57 cm -1 ) of hydroxyl group show the stretching vibration of O-H groups [34] . Note that these broad peaks become weaker with increasing heat treatment temperature. Hence, the sintering process has proven to be suitable to remove all the organic molecules and OH groups which enable the samples to be more promising luminescent materials. The strong band was observed in the 980 cm -1 and below was due to SiO 4 asymmetric stretching vibration. The peak in the *650 cm -1 was ascribed to the bonding of Zn-O-Si symmetric stretching [26] . The peak in the lower wavenumber at *530 cm -1 was attributed to the ZnO symmetric stretching in ZnO 4 group [35, 36] . The absorption peaks of SiO 4 (asymmetric) and ZnO 4 become stronger due to increasing heat treatment temperature, suggesting crystallization of Zn 2 SiO 4 crystal in the glass matrix was formed [37] . spectrum of this sample powder possesses the strong Raman peaks at 2500-3000 cm -1 is attributed to strong C-H vibrational features. Besides, a broad scattering peak at 1700-1900 cm -1 exhibited of hydroxyl group show the stretching vibration of O-H groups. The weak Raman band in the 900-1500 cm -1 region has been assigned to the stretching vibrations of the SiO 4 group [26] . The sharpness and intensity of the bands can be an indication of the crystallinity of the sample powders. The Raman band of un-sintered sample has showed the lowest intensity which indicates that the sample is mainly amorphous. The intensity of the broad band start to increase as the heat treatment temperature occurs at 600°C. It was found that the sample powder at 600°C is less crystalline than other heat treatment temperature [32] . The narrow width of Raman lines spectra of heat treatment temperature of 700-1000°C indicates good homogeneity and crystallinity of synthesized powders which shows a good agreement with X-ray diffraction, FTIR, and FESEM result [38] .
Raman spectroscopy
Optical absorption measurements
Absorbance versus wavelength
UV-Vis spectroscopy was used to characterize the optical absorbance of the Zn 2 SiO 4 :1 wt% Eu 3? . Figure 5 shows the absorption spectrum of Eu 3? doped Zn 2 SiO 4 in the spectral region from 200 to 800 nm at room temperature. The absorption profiles exhibit broad bands in the UV region (below 400 nm). Additionally, the absorbance spectra of all heat treatment temperatures are very similar. It was found that the absorption spectra of heat-treated samples are uplifted due to scattering by the Zn 2 SiO 4 crystals [39] .
Optical band gap
The absorption spectra of Eu 3? doped Zn 2 SiO 4 were carried out to resolve the valence-conduction band transition, which allows us to calculate the band gap. UV-Vis spectra indicate Zn 2 SiO 4 single crystal is estimated has an optical band gap of 5.5 eV [40] . The Fig. 6 depicts that the Zn 2-SiO 4 :1 wt% Eu 3? has optical band gap energy (E gap ) of 3.20 eV before induces a heat treatment. The relation between the absorption coefficient (a) and incident photon energy (hm) for the case of indirect transition of Zn 2 SiO 4 has a characteristic relation [41] :
where k is constant, and E gap is the optical energy gap of the material. By extrapolating the linear portion of the optical absorption curve or its tail, it is possible to verify that indirect energy band gap value for 600, 700, 800, 900 and 1000°C is 2.94, 2.73, 2.62, 2.54 and 3.62 eV, respectively. Figure 7 displays increases from 600 to 900°C which were range from 2.94 to 2.54 eV. This variation can be noted that the heat treatment at higher temperature induces a red shift of the electronic absorption edge towards larger wavelength indicating to smaller energy band gap produced which related to glass crystallization process [42] . However, the energy band gap is dramatically increased to 3.62 eV at 1000°C. This might be due to the stabilized orthorhombic phase and improved crystallinity of the sample, thus, increased band gap by widening the absorption edge [43] .
Photoluminescence
The results of photoluminescence excitation spectroscopy for Zn 2 SiO 4 :1 wt% Eu 3? glass and glass ceramics are shown in Fig. 8 . The excitation spectra show five distinguished characteristics peaks centred at *400, 414, 460, 500, and 527 nm which are transitions from the ground state ( 7 F 0 ) to the indicated excited levels [44] . The most prominent peak, located at 400 nm which are assigned to the transitions 7 F 0 ? 5 L 6 . In the following, this peak was used to record Eu 3? emission spectra (Fig. 9 ). The emission spectra under blue light (400 nm) excitation reveal five characteristics emission bands at *527, 575, 600, 653, and 725 nm which are assigned to 5 [35, 45, 46] . As seen in Fig. 9 , the emission intensity of 5 D 0 ? 7 F j transition is uplifted after sintering temperature up to 600°C and then decreased when the sintering temperature getting high due to improvement of crystallinity [47] .
Conclusion
A solid state reaction method was employed to prepare Eu 3? doped Zn 2 SiO 4 with different heat treatments, and their structure, morphology and optical properties were discussed as well. The sintered prepared samples show the materials have high crystalline and having sharp peaks compared to un-sintered. Results indicate that the progress of heat treatment leads to an increase in diffraction peak intensity. The FESEM analysis revealed that the 1 wt% Eu doped zinc silicate having well crystalline and aggregated tightly with each other due to the high temperature of heat treatment at 900 and 1000°C. Besides, the narrow width of Raman lines spectra of heat treatment temperature of 700-1000°C indicates good homogeneity and crystallinity of synthesized powders which shows a good agreement with XRD, FTIR, and FESEM results. The sintered samples exhibit decreasing energy band gap as heat treatment temperatures increased up to 900°C and then, increased dramatically to 3.62 eV when the heat treatment temperatures extended to 1000°C. The results of photoluminescence gives a red luminescence emission at 600 nm due to Eu 3? intraionic transitions under 400 nm excitation. 
